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(54) BATCH-PRODUCED MICROLENS ARRAY AND METHOD FOR PRODUCING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To simplify production steps, to 
enable production by a batch method and to reduce production 
steps and equipment cost. 

SOLUTION: A first polymer or first polymer composition layer is 
formed by coating on a substrate and a second polymer or second 
polymer composition layer is formed by coating on the first 
polymer or first polymer composition layer. The glass transition 
temperature (Tg) of the first polymer is higher than that of the 
second polymer. The same pattern is formed by lithography in the 
first polymer or first polymer composition layer and in the second 
polymer or second polymer composition layer. The substrate is 
then heated to a working temperature above the glass transition 
temperature (Tg) of the first polymer and below that of the second 
polymer, the substrate is held at the working temperature to form 
microlenses in the second polymer and the microlenses are cooled. 
The batch-produced microlenses are situated on the surface of 
the substrate and include a seat situated on the surface of the 
substrate and a spherical lens situated on the surface of the seat. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The step which carries out spreading formation of the 1st polymer or the 1st polymer 
constituent layer on a substrate, The step which carries out spreading formation of the 2nd polymer 
or the 2nd polymer constituent layer which has a glass transition temperature (Tg) lower than the 
glass transition temperature (Tg) of the 1st polymer on this 1st polymer or the 1st polymer 
constituent layer, With lithography, the 1st polymer or the 1st polymer constituent layer, The step 
which forms the same circular pattern as the 2nd polymer or the 2nd polymer constituent layer, and 
the value of the ratio of the thickness opposite width of face of the pattern of this round shape in the 
2nd polymer or the 2nd polymer constituent layer makes 0.6 or more, Although it is higher than the 
glass transition temperature (Tg) of this 1st polymer, heat this substrate to working temperature 
lower than the glass transition temperature (Tg) of the 2nd polymer, and a reflow is performed. The 
manufacture approach of the batch-production micro-lens array which includes the step which this 
substrate is held [ step ] to this working temperature at a list, and makes a micro lens form in the 2nd 
polymer, and the step which cools this micro lens. 

[Claim 2] The manufacture approach of the batch-production micro-lens array according to claim 1 
characterized by having used said 1st polymer as polyimide and making the 2nd polymer into a 
polyacrylic acid polymer. 

[Claim 3] **** which the 1st polymer or the 1st polymer constituent layer to which this micro lens is 
located on the front face of a substrate is heated in the micro lens located on one substrate, forms, 
and is located on a substrate front face, The 2nd polymer or the 2nd polymer constituent layer 
applied on the 1st polymer or the 1st polymer constituent layer It is heated by temperature higher 
than the glass transition temperature (Tg) of the 2nd polymer, and a reflow is carried out to it, and 
form. Include a globular form micro lens and the glass transition temperature (Tg) of this 1st 
polymer is higher than the glass transition temperature (Tg) of the 2nd polymer. The micro lens 
characterized by having used the 1st polymer as polyimide and making the 2nd polymer into a 
polyacrylic acid polymer or a polymethacrylic acid polymer. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a kind of micro lens and its manufacture approach, 
especially relates to a kind of batch-production micro-lens array and its manufacture approach. 
[0002] 

[Description of the Prior Art] The micro lens is widely applied to condensing of an optical fiber end, 
the focus of light scanning, the micro-lens array of a display, and the pan in an optical fiber, optical 
communication, and a photoelectron product at condensing of a micro optical accumulation 
component. There is an approach with which there are some which use a laser absorption process 
(laserabsorption) and optical fiber end scorification (fiber tip melting) for an optical fiber end, and 
manufacture a fiber chip, make an optical fiber end join the transparence quality of the material of 
the symmetry which carried out melting, and present a micro lens, nothing, and a condensing 
operation among the approaches of manufacturing the conventional optical micro lens. In addition, 
there are some which the tip which carried out arc fusing of the optical fiber, and was cut in the list is 
made immersed in the transparence quality of the material of the symmetry, and are joined. It was 
complicated, and time amount was taken, and the manufacture approach of such a micro lens needed 
high cost and an equipment facility of high complexity, and was fiilly inconvenient, and it was only 
that the manufactured micro lens can condense perpendicularly further. Since the micro optical chip 
developed and the demand of horizontal condensing of a substrate increased in large quantities 
recently, RIE and a photoresist melting technique are already combined, the micro lens of horizontal 
condensing is manufactured, and the technique of uprighting a micro lens carefully is offered further 
manually. This is completed by the handicraft method which manufacture takes time amount and has 
abundant training and experience intricately. Although already attaching the micro lens of a micro 
dimension to a substrate carefully manually, and completing the demand of a substrate horizontal 
condensing micro lens was proposed, such an approach could not perform a batch production, it 
could be high, accuracy could be limited, a process could not be complicated, time amount was not 
able to be taken, and facility cost has not improved the fault which has high artificial assembly cost, 
either, for this reason, the current industry and a commercial scene — a perpendicular or non- 
perpendicular direction (for example, horizontal) condensing — possible ~ the batch approach — 
producible — a production process — it can simplify — facility cost — reducible — artificial assembly - 
- it can produce by the unnecessary method and the V groove, 3D micro lens, and the manufacture 
approach of Shinsei by which coupling of an optical fiber is adjusted are needed for the list. 
[0003] 

[Problem(s) to be Solved by the Invention] The main purposes of this invention are to offer the 
manufacture approach of a kind batch-production micro-lens array, namely, are to simplify a 
production process, enable production by the batch approach, and reduce a production process and 
facility cost. 

[0004] The next purpose of this invention is to be in offering the manufacture approach of a kind of 
batch-production micro-lens array, namely, enable it to manufacture a perpendicular or 3D micro 
lens in which non-perpendicular direction (for example, horizontal) condensing is possible. 
[0005] Still more nearly another purpose of this invention is to offer the micro lens of a kind of 3D, 
and this micro lens is taken as a perpendicular or the thing in which non-perpendicular direction (for 
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example, horizontal) condensing is possible. 

[0006] It shall have the structure which can reduce facility cost further again while another purpose 
of this invention is to offer a kind of micro lens, can produce this micro lens by the batch approach 
by the easy production process and simplifies a production process. 

[0007] Another purpose of this invention shall be to offer a kind of micro lens, it shall produce [ this 
micro lens cannot need artificial assembly, and ] it, and it shall have the structure where coupling of 
a V groove and an optical fiber can be adjusted. 
[0008] 

[Means for Solving the Problem] The step to which invention of claim 1 carries out spreading 
formation of the 1st polymer or the 1st polymer constituent layer on a substrate, The step which 
carries out spreading formation of the 2nd polymer or the 2nd polymer constituent layer which has a 
glass transition temperature (Tg) lower than the glass transition temperature (Tg) of the 1st polymer 
on this 1st polymer or the 1st polymer constituent layer, With lithography, the 1st polymer or the 1st 
polymer constituent layer, The step which forms the same circular pattern as the 2nd polymer or the 
2nd polymer constituent layer, and the value of the ratio of the thickness opposite width of face of 
the pattern of this round shape in the 2nd polymer or the 2nd polymer constituent layer makes 0.6 or 
more, Although it is higher than the glass transition temperature (Tg) of this 1st polymer, heat this 
substrate to working temperature lower than the glass transition temperature (Tg) of the 2nd 
polymer, and a reflow is performed. It is considering as the manufacture approach of the batch- 
production micro-lens array which includes the step which this substrate is held [ step ] to this 
working temperature at a list, and makes a micro lens form in the 2nd polymer, and the step which 
cools this micro lens. Invention of claim 2 is the manufacture approach of the batch-production 
micro-lens array according to claim 1 characterized by having used said 1st polymer as polyimide 
and making the 2nd polymer into a polyacrylic acid polymer. In the micro lens to which invention of 
claim 3 is located on one substrate **** which the 1st polymer or the 1st polymer constituent layer 
to which this micro lens is located on the front face of a substrate is heated, forms, and is located on 
a substrate front face, The 2nd polymer or the 2nd polymer constituent layer applied on the 1st 
polymer or the 1 st polymer constituent layer It is heated by temperature higher than the glass 
transition temperature (Tg) of the 2nd polymer, and a reflow is carried out to it, and form. Include a 
globular form micro lens and the glass transition temperature (Tg) of this 1 st polymer is higher than 
the glass transition temperature (Tg) of the 2nd polymer. It is considering as the micro lens 
characterized by having used the 1st polymer as polyimide and making the 2nd polymer into a 
polyacrylic acid polymer or a polymethacrylic acid polymer. 
[0009] 

[Embodiment of the Invention] The manufacture approach of the batch-production micro-lens array 
of this invention includes the following steps. Namely, the step which carries out spreading 
formation of the 1st polymer or the 1st polymer constituent layer on a substrate, The step which 
carries out spreading formation of the 2nd polymer or the 2nd polymer constituent layer which has a 
glass transition temperature (Tg) lower than the glass transition temperature (Tg) of the 1st polymer 
on this 1st polymer or the 1st polymer constituent layer, With lithography, the 1st polymer or the 1st 
polymer constituent layer, The step which forms the same pattern as the 2nd polymer or the 2nd 
polymer constituent layer, This substrate is heated to working temperature lower than the glass 
transition temperature (Tg) of the 2nd polymer, although it is higher than the glass transition 
temperature (Tg) of this 1st polymer. The step which this substrate is held [ step ] to this working 
temperature at a list, and makes a micro lens form in the 2nd polymer, and the step which cools this 
micro lens are included. 

[0010] The micro lens of this invention is located on the front face of one substrate, and this micro 
lens includes **** and a globular form lens. This **** The 1st polymer on a substrate or the 1st 
polymer constituent layer is heated, and it forms. A globular form lens It is located on a **** front 
face, and the 2nd polymer or the 2nd polymer constituent layer applied on the 1st polymer or the 1st 
polymer constituent layer is heated by temperature higher than the glass transition temperature (Tg) 
of the 2nd polymer, and is formed of a reflow. Among those, the glass transition temperature (Tg) of 
this 1st polymer is higher than the glass transition temperature (Tg) of the 2nd polymer. 
[0011] 
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[Example] The manufacture approach of the batch-production micro-lens array of this invention 
contains the following steps. Spreading formation of the 1st polymer or the 1st polymer constituent 
layer is carried out on a substrate, and spreading formation of the 2nd polymer or the 2nd polymer 
constituent layer is carried out on this 1st polymer or the 1st polymer constituent layer. Let glass 
transition temperature (Tg) of the 1st polymer be a thing higher than the glass transition temperature 
of the 2nd polymer. Then, the same pattern as the 1st polymer or the 1st polymer constituent layer 
and the 2nd polymer, or the 2nd polymer constituent layer is formed with lithography. Then, 
although it is higher than the glass transition temperature (Tg) of this 1 st polymer, heat this substrate 
to working temperature lower than the glass transition temperature (Tg) of the 2nd polymer, and hold 
this substrate to this working temperature at a list, a micro lens is made to form in the 2nd polymer, 
and, finally this micro lens is cooled. This micro lens that carried out the batch production is located 
on a substrate front face, and this micro lens includes the globular form lens located on the front face 
of**** located on this substrate front face, and this ****. 

[0012] **** of the micro lens of this invention is formed in the 1st polymer or the 1st polymer 
constituent layer. On the other hand, a globular form lens is formed in the 2nd polymer or the 2nd 
polymer constituent layer. The glass transition temperature (Tg) of the 1st polymer is higher than the 
glass transition temperature (Tg) of the 2nd polymer. Let the 1st polymer of this invention be 
polyimide or a polyamide preferably. The 2nd polymer constituent of this invention is preferably 
used as a photoresist constituent, and the 2nd polymer is made into the high transparence polymer 
whose glass transition temperature (Tg) is 100 degrees C - 350 degrees C, and let it most preferably 
be a polymethacrylic acid system polymer. The micro lens of this invention is used as the lens 
equipped with the radii front face, and let it be a globular form lens desirably. Although the **** 
configuration of this invention is made into the configuration of arbitration, it considers as the 
projection drawing form or ellipse form in a substrate flat surface preferably. When the micro lens of 
this invention is made spherical, it is usable to horizontal condensing or perpendicular direction 
condensing, compared with the well-known micro lens having had slightly the limit [ limit / only 
vertical condensing ], it differs greatly and this invention is increasing the application. When the 
micro lens of this invention is made spherical, it is usable to horizontal condensing, therefore a V 
groove can be adjusted, the micro lens of this invention is suitably prepared in a location, and 
coupling with an optical fiber can be performed. By constituting a micro-lens array from a method of 
an array array, the micro lens of this invention can meet the demand of various kinds of application. 
[0013] In the manufacture approach of the batch-production micro-lens array of this invention, 
although the approach of various kinds of common knowledge can be used for spreading of the 1 st 
polymer on a substrate or the 1st polymer constituent layer and the 2nd polymer on it, or the 2nd 
polymer constituent layer, spin coating is used preferably. After applying the 1st polymer or the 1st 
polymer constituent layer on a substrate, the first prebaking is performed alternatively if needed. 
Also after applying the 2nd polymer or the 2nd polymer constituent layer, the second prebaking is 
performed alternatively if needed. Temperature required for prebaking is determined by the class of 
polymer, after spreading completion of the 1st polymer or the 1st polymer constituent layer, the 2nd 
polymer, or the 2nd polymer constituent layer — or after prebaking alternatively if needed, the same 
pattern as the 1st polymer or the 1st polymer constituent layer, and the 2nd polymer or the 2nd 
polymer constituent layer is formed with lithography. This lithography is the technique of the 
common knowledge which applies a photoresist alternatively if needed, performs exposure, etching, 
and development, and forms a pattern, and if it is the person who became skilled in the technique of 
lithography, it can be used. In the RISOGURAI step of this invention, preferably, etching and 
development are performed [ the 2nd polymer or the 2nd polymer constituent layer itself ] for a 
photoresist constituent, nothing and the 1st polymer or the 1st polymer constituent layer and the 2nd 
polymer, or the 2nd polymer constituent layer to coincidence using the same etching reagent or the 
same developer, and the same pattern is formed. Although there is no limit in the pattern which the 
1st polymer of this invention or the 1st polymer constituent layer and the 2nd polymer, or the 2nd 
polymer constituent layer forms, it considers as the circular pattern preferably projected on the 
substrate. When the pattern projected on the substrate is circular, about the 2nd polymer of this 
pattern, or the thickness of the 2nd polymer constituent layer and the value of the ratio of a circular 
diameter (width of face), thickness is preferably made or more into 0.6 to a circular diameter (width 
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of face). According to the desirable example, let the 1st polymer of this invention be polyimide or a 
polyamide. The 2nd polymer constituent of this invention is made into the high transparence 
polymer whose glass transition temperature (Tg) is 100 degrees C - 350 degrees C, and let it most 
preferably be a polymethacrylic acid system polymer. After forming a pattern in the 1st polymer or 
the 1st polymer constituent layer and the 2nd polymer, or the 2nd polymer constituent layer, a reflow 
of the substrate which applied these polymers is heated and carried out with working temperature 
[ higher than the glass transition temperature (Tg) of the 2nd polymer ] lower than the glass 
transition temperature (Tg) of the 1st polymer, finally the substrate which applied this polymer is 
held to this working temperature, and a micro lens is made to form in the 2nd polymer. When heated 
by this working temperature, the viscosity of the 1st polymer and the 2nd polymer decreases, a 
fluidity increases gradually, a front face changes the 2nd polymer to the front face of a radii form (a 
mushroom form or semi-sphere) gradually with the relation of surface tension, suitably, at the time 
of the ratio of thickness opposite width of face, the front face of the 2nd polymer forms a globular 
form gradually, and this 1st polymer and the 2nd polymer hold a globular form in a list. A new 
balance is gradually formed of three persons of the surface tension between the 1st polymer, the 
surface tension between the 2nd polymer interface and the 1st polymer, and an air interface, and the 
surface tension between the 2nd polymer and an air interface, a radii form, i.e., a mushroom form, or 
a semi-sphere, and a desirable globular form front face are formed in the front face of the 2nd 
polymer of them, and it is held at a list. It sees from the configuration which the 2nd polymer forms, 
the value of the ratio of the thickness/width of face of the pattern which the 2nd polymer forms with 
lithography (or diameter) is fixed, and when the value of the ratio of the thickness/width of face of a 
pattern (or diameter) is 0.6 or more, the configuration which the 2nd polymer forms can form a 
globular form micro lens. When this 1st polymer is heated to working temperature, the viscosity of 
the 1st polymer decreases, a fluidity increases it gradually and the front face of the 1st polymer 
forms the front face of a radii form gradually with the relation of surface tension. However, since 
working temperature does not reach the glass transition temperature (Tg) of the 1st polymer, the 1st 
polymer does not increase a fluidity in large quantities, therefore the 1 st polymer layer produces only 
fine deformation of a surface tension balance slightly, but a bottom aspect product forms the 1st 
larger polymer layer than up area, and most forms **** of a micro lens automatically in this way. 
There is no limit in time amount after this substrate that applied the polymer is held at machining 
temperature until the 2nd polymer forms this micro lens, and it can be adjusted to it if needed. After 
this micro-lens formation, if this micro lens is cooled, the manufacture approach of this invention 
will be completed. By using the approach of lithography, the location of the installation can be fixed, 
therefore the micro lens of this invention can be installed in the position of a substrate if needed, and 
can perform condensing of a direction level at a substrate flat surface, or a perpendicular direction in 
a list if needed. Furthermore, a micro-lens array can be formed if needed and the array method of this 
micro-lens array can carry out control point setting with lithography. 
[0014] The concrete example of this invention is explained below. 

Example 1: Apply a polyimide constituent on a substrate 100 closely by spin coating (refer to 
drawing 1 ), and form the polyimide constituent layer 210. Then, it prebakes for 30 minutes at 150 
degrees C to a substrate 100. Then, a PORIAKU rail polymer photoresist constituent is applied to 
homogeneity on the polyimide constituent layer 210 by spin coating, and the ** (refer to A of 
drawing 1 ) polyacrylic acid polymer photoresist constituent layer 220 is formed. A pattern [ being 
circular (it being a cylindrical shape at stereoscopic vision) ] is formed in the location made into a 
micro lens with lithography at a list by plane view. Among those, the pattern of this round shape 
includes a bottom layer and the upper layer, is composed in the polyimide constituent layer 210 
applied on this bottom layer, i.e., a substrate, and is composed in the polyacrylic acid polymer 
photoresist constituent layer 220 applied on the upper layer 210, i.e., a polyimide constituent layer, 
(refer to B of drawing 1 , and C). Let these bilayers be the same patterns which the upper and lower 
sides overlap by exposure, etching, and development of lithography. The upper thickness it is thin 
from the polyacrylic acid polymer photoresist constituent of the pattern of this round shape is 50 
micrometers, and width of face (or diameter) is set to 30 micrometers. The thickness of the 
polyimide constituent layer of a bottom layer is 30 micrometers. Then, the substrate after forming a 
circular pattern is heated in the range of 180 to 220 degrees C (for example, 190 degrees C), and a 
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reflow of the pattern of this round shape is carried out, and it maintains until a micro lens 230 is 
formed in a list in temperature (about 12 hours) (refer to D of drawing 1 ). In order that the interface 
of the polyimide constituent layer 210 which has the pattern of this round shape, and the polyacrylic 
acid polymer photoresist constituent layer 220 may search for the balance between viscosity 
reduction and surface tension in the meantime, the circular verge of an interface from the first cuts 
down to the inner sense. For reduction of viscosity, and a surface tension balance, gradually, the 
polyacrylic acid polymer photoresist constituent layer 220 forms the globular form upper layer, and 
forms the globular form micro lens 230. A polyimide constituent layer has the globular form micro 
lens which forms the flat display case gradually equipped with the curved-surface periphery, and a 
polyacrylic acid polymer photoresist constituent forms on this flat display case for viscosity 
reduction and a surface tension balance (refer to B of drawing 2 ). Furthermore, the substrate in 
which the globular form micro lens was formed is cooled to a room temperature, and manufacture of 
a micro lens is completed. 

[0015] Example 2: In this example, the width of face (diameter) of the circular pattern formed with 
lithography differs from a front example, and also each the formation step and the reagent to be used 
of a micro lens are the same as a previous example. In this example, the width of face of the 
polyacrylic acid polymer photoresist constituent upper layer of the circular pattern formed with 
lithography is 70 micrometers, and thickness is 50 micrometers. After reflow heating (a step and 
heating conditions are the same as an example 1), the polyacrylic acid polymer photoresist 
constituent upper layer forms a mushroom-like micro lens on the polyimide constituent layer which 
is a bottom layer, and perpendicular direction condensing is presented with it. 
[0016] 

[Effect of the Invention] When the manufacture approach of the batch-production micro-lens array 
of this invention uses the process of heating with lithography, it needs to be simplified more greatly 
than the manufacture approach of the micro lens of common knowledge of an approach, and location 
arrangement of a lens can also be controlled correctly and easily, it is not necessary to attach a micro 
lens over cost and time amount more artificial, and the accuracy of a location can also be increased 
sharply, and a production process is easy, in addition, the production process which simplified this 
invention — a traditional easy facility — with, a batch production can be made possible and the time 
amount and cost which are exhausted by production can be reduced. This invention can control the 
location of a micro lens correctly freely, therefore a V groove is adjusted, and it prepares the micro 
lens of this invention in a location suitably, arranges optical fiber coupling, and can cancel the old 
trouble and the inconvenience of exact attachment arrangement of a micro lens. Furthermore, 
vertical condensing is possible, and control combination can be optionally carried out to a list, and 
the micro lens and its manufacture approach of this invention have a simply convenient and good 
yield compared with horizontal on a substrate, and the well-known micro lens having needed a 
complicated procedure of artificial assembly or a support frame set-up to the need of horizontal 
condensing, and are high. [ of accuracy ] the micro lens of this invention — 3D micro lens of Shinsei 
— it is — the configuration — a depth opposite width-of-face ratio — with, it has the property which 
could control, and could not attain this with a well-known micro-lens technique, therefore was 
excellent. 

[0017] This invention offers the purpose, a means, a different batch-production micro-lens array 
from the description of a well-known technique also in any of a function, and its manufacture 
approach putting together. In addition, an above-mentioned example shall be slightly shown for 
explanation, the generic claim of this invention shall not be limited, and each the alteration or 
qualification of details which can be made based on this invention shall belong to the generic claim 
of this invention. 
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mm i (d# y £u*i±$ i y -^-m^s^i: 

tc, miOJKy ^-<0#7*ifefmfi (Tg) £!9<g;V> 
#7*lEJ£i&ft (Tg) «r*1-*f&2©3(Ky-T-g^tt 

y y^9 7-f— let Sgll^y^-j^temiotfy 
■^HBflMMBi:* ^2(D3Ky ^-^lM^2<Dj|?y-7- 

z.(om&z&mi<Dtf})^--(Djf : 7xfc&m.& (T g ) 

J: 0it5v^sJK2O2Ky ^— (Dtfyxfc&IMM (Tg) £ 

Of: 

SSrc>*Bo±^tefi-t-5^ 1 y -v— ^vtt^ 1 <z> 
m 1 w # y -r-j&v sifg 1 tf>/tf y -^-aaf&i&jf <d±k^ 

fi'K Wi2<n#})-?—<Dtf : 7xm&M.m (Tg) .fcOilS^ 

ia«tc:jof»$jxy 7 b- sttTjgj^-rs, si^o-v-f * 
^i<D7)fy^-»^7^te^ag (Tg) ^2cotk 

!)v-©if7xg^ig (Tg) £<om<. MinXy 

■v— 5 Ki$n, ^z^y^-as^yr* y 
y -r-^VNiiTjf y ? ? ^ y y t 

[000 1] 
[0 0 0 2) 



(2) 

2 

telCli, ft7 7-<'<*48l-, W— fKHXS: (laser 
absorption) 1 ft 7 7 4 ^3|E«*iB«fe (f i 
b e r tip me 1 t i n g) ^1^77^^ 

£ ft 7 r -f $ * T -7 -4 ? n w ^ X £ ft L . 

T - * mm L. * 0r L fc £4g £ *f W *f ft I- » 

10 wiSig^tett^T'^ra* 5 ^?). IoB = * r- £ ii5« 

< ^ n U>-XSrji:Sr^-fr5SJffiS»*^ixTV^ 0 
***J^TIB-e, /<y*-#t6T£fcTS» K3SX 

**-e*s-c#. $kmcvffi.kyt7 7-('«D*)rfv 

[0 0 0 3] 

[*W*W»LJ: 5 £"*-*««] *^^<©*^ftgW 
14, -i^s-ftl?^ ^dW^XTU-fOjaig^-feSr 
»*-TSr £»-&•), IP*,, MtI»Sr«*flsU ^> 

[0 0 0 4] *«K»<Sfe<0SWJ4. -iO/<s'ftlv 

* n w$i{jt*-&Sr»tt-r 5 r. t \zh V , 

[0 0 0 5] #38?3cD£f>K53'j<£>e#){4, -iffi 3 D© 

x»4*ii:^:v>i4#Sii:^[6] («s)^f4*¥^|pj) **#pT 

[0 0 0 6] *^WW$C>ii*^SiJc0BWJ4, -ttO-e 
^□^vXSrtiifc-rsrirlc&fj, ^^DkyX 
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[0007] *mm<o&i<o s ffon. -m<o^^c tuu^ 

[0 0 0 8] 

±ic|g i <dt# y -e-i&iMSig i <z># y -v-m^s £^ 

#v^-m&Vdm(D±\^ minx v 7 
urn (T g ) xvm^tfyxm&tm (Tg) 

WL, ^ 2 (DtK y ifcVMi^ 2 gdtK y Me£$jU 

^±<b-T5^x^^^ > roS«Sr^iOTKy-r-(7) 
Jf7X%mWLm (Tg) J;9i^l^Sg2<DTKy-r-cD;*f 

^^e^MS (Tg) £V&^ftMWA\z))mi,x}) y 

2 y ^ n l^X£^/&£-fr5*x yX 

»*JS2o^p^^ x Bdta^io^y -e-^^y ^ 
^ K<b$n, ^2(0/Ky^-^7Ky v^mtfv 

i <dtk y T-*^f4* i <oi$ y -e-a««/iasjn*sti 

2<o*y-^— gEv^ttff2 0/Ky-e— »j*46Ji^ % i2o 
^y-7-^7^is (Tg) £vm\<^um\c%m 

SrSffiU ^l^yv-M7XWS (Tg) 
^»2^*y^-Oif5^»E»a« (Tg) <t «9 H5< . 

#y y^&#y^-*vM*#y y^wttf))*? 

So 

[0 0 0 9] 

tt»i^>3Ky^-iBfiE«jJi<o±i^ g§i<DTKy^-<D# 

(Tg) J:9ftv^7^<lK»IW (Tg) 
£*rr 2 <dtK y ^-*v*H:JB 2 <dtK y -r-ttiMHI 



(3) 

to2Ky^-avN«mi^^y -r-ffl*4&st, S2o# 
y ^-m^m 2 y -r-utmrn t \zm v 

tfyxfc&um (Tg) ±9m^&m2<Dtfy'?-<D# 
7*fc&mm (Tg) <t9fi^f^Hia*icjDf»u, ittf 

io [0010] ^^O-^-Y * n uyXfj:, — ofDS&tf) 
Sffi<0±fcHa«u loK^^Di/yXiifiitSJg 

y-r— ^v>n^2o^y'v-ja^ifes^. ^2^»/Kyv 

-o^7^K^ilS (Tg) J:9Wv>ja*tJHHRSixy 

#7xm&mg. (Tg) HL»2^y-7- oxf^*^ 

20 m& (Tg) ck9iSv\ 

[0 0 1 1 ] 

mmm] t«^^tiw^uyx7w© 

y -7-j£v^mi<£>#y -v— K 

$ 1 <Dtf y -e-gfcv>tt;» 1 <Dtf y «a/&&Jf <Z>_btc£S 

2 y ^-*v^fiJB 2 <d# y -7— iluMbJKrtt^A 
1-60 ^i^^y-^-(D^7^te^ma (Tg) f*iB2 

30 y »/$«wi&tF* 2 <dtK y -e— gcV^tt* 2 (Dtf y ^ 
fcttfU<0#y^-<0X79;MR»i&* (Tg) 

3»fB2<o*y-r-©^9^C»ffl* (Tg) i?ttv^ 

40 [0 0 12] ^^O-^^^nu^XcDiSM^, 

* y -r-i&wtm 1 (dtk y ^-jBiK«*T***n5o 

MS (Tg) ttfg2 0*y v-(^^7^WS (T 
g) <t9iBv^ **W<0SBl<0*y^-tt»*b<B:2K 

y-r^ KiEv^TKyr^ KtsnSo *«w^fB2<z>sK 

»2<D3Ky^-H:»*L<ttXf9^te»«aft (Tg) ^ 

1 oox;^ 3 5 ox:<Dimmwtf i) -?-k£i%, *t>»4 

so L<tt3Ky V/^^V^-t 5tt5c 
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[0013] &$&w<Ds<y^±m-v<?v uyxrw 

— x-O^STjai^So f&l<0#y^— sfci^W:»l<&3«y 

ra^»^2&7 p y^<-^SrtT5o ^y^-^fci&B 

7 >r — tc i «9 & i O/K y *i^tt£& i otK y ^->(&j& 
^2(D3Ky-r-^v>tt^2o^y -r-jsa^fes 

L<tt, »20aRy^-*V^HtJB2©*!>^-|a**JB 

*iM4!B i y ^Hflj««wi2iu<* 2 <D/K y t-iKv> 

ttSB 2 <o # y — £ p C3i y ^ > v > ttg, 
9->*J&f8rtrZ>o **^©»ltt#y^-*vn±fU 

y v-M^is^i 2o#y ^-jSvmsss 2 
<z># y ifci^tt* 2 y t 

<Oit« (W) OtbOfiKHLTB:, »4L<f4, mtstfi 

Rr^Bg (H) tcatL-co. 6j^±t$H5 0 



(4) 

#£L<l*#7*iE#i&g (Tg) #10 0 
^-3 5 Ot^iSgK^y^-^iV *t#*L<tt 

#y y^m^y-^-^^n^o ii^y^- 
*v^B:* 1 <d# y v-ig^feiayi 2 y 

tibcotf}) LfcXtESr. i2(0^y-7-^ 

(Tg) i:«9ii5<^107Ky^-(D^7^ 

s^sft (Tg) £*)&\i^mmMxMf&i,}) 7d- 

60 *j(Si^*y^-av*2«>#y^-ttttff*ffljt 

fcJmJRSixSBS. ^i<z>#y^-X0^2<D#y -r— © 

<o*ffi^«to0. SUSSatSotfc 

wt#««r«»i-6. ii^y^sr;i2(D*yv 
5 0 i2^y-7-w^t^TO^at, m2(Dtf 

y^77^-i;:J;9Mt5^-^S$ 

/« (*VNfiiE@) ^it^ffi^o. 6»±-C*>SB*, * 

2^y -e—*»jjtt-«»RH:«»^-f ^ u>X^^ 
30 ^ ii^yv^MWl, SElbtt^jfu, 

y-^— (Tg) lcSL^V^y u ci^>, ®1 
<o*y^-tt**K«K»tt&*^-r5r:i36Stt<, 

xf^aft^««F*ixT^e>* 2^y -e-j&s^^ ^ n 

-Turtle: J: *0K«<z>ffiB3jSH3t*ix, ^>^Llc^ 

^li!)y^77^T«Slt^o 
so [0014] aTfc*»WO*frtt*16«lCoV^TRW 
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~f So 

fflfigttB 2 10 Sr^-T So S« 1 0 0 lc 1 5 

-est? y >r * KiAj$;«in 210 <D±\z.m-\zmm i tn 
y -< ^ Kttjft4M2 i oo±fcft**ftfc*ii7* y/w 

»#y h htUSM2 2 0t«$ntv> 

5 (Bi(OBic#i) o rtit>-ittyy^7 7>f- 

tSRC^-^i £*iS 0 BER»©^#— T 
^ y;uR#!J-7-*H/^ h ft S±JB*>J¥ 

So jKS<50^y>f ^ K*a**«OJ¥$tt3 0 /imTfc 
So ttv^T, R»<D'<#— ^«r»j**0>S«*rl 8 0^ 
62 2 0t©«l (#J;iii 1 9 0^) IdO^LtKRf 

X2 3 o*»j*4*t«*-e Gtii2i«m) *sjtrs (El 
y >r ^ k&j£«9S 2iot*yr^y y -r— # f> 

hiBAM 2 2 o^M^M^iOTS*© 

p^f^#t-«g^t-So ^yr^y^y^hi/^ 

2 3 0 «:»fi8i-S 0 #y >f ^ KttriMfc8tttt*«^Xt5 
»j*U Z<D¥-iS<n±\ctf)) T? y^»7Ky-^— * hu 
(i2©B#i) o £<bic x »W^nuyX^ 

[0 0 15] §£i£0t|2 : **HS«-ett!> V?y?4—X 

*5^t, y y^77>f-t*Mt5n»/^-^^y 



5 

[0 0 16] 

xs<y^±m*~*smtL. &&\cm&tsti&mmk=x 

h%mt>i-z b&X£Z 0 *««ttW^nuyXofi 
^X©jE»fta*«-ltBlt«>ffi« i 5F««r«W«-C 1 S e 

a«±T*sp*iRiawsiff*ipi(o***FrtB-c, awe 

JLoft#ft#e«9S:WU jE«ft#iRl\, «?«cOv^ 
^nu^X^KjE<^3D^^^nu^XT*fo«9, *<£>^ 

so [0 0 17] »^t5i, **W4t01ft, « 

s 0 

[lasotBm^uiM] 

[01] #*W^^*nU:^X(Big£:7i3 — b 
40 T*fcSo 

[i2] **^<D^><^ o UvX^HT'fcSo 

[w-^otftw] 

ioo as 210 ^icD#y-r— m 

2 2 0 ^2cO#y-^— ^ 2 3 0 

X 
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<D> 



(72)^^# t§ m*P F*-A(##) 4F213 AA20 AA40 AH74 WA41 WA53 

^■^fcrtTflA^ 191^4* WA58 WA83 WB01 



